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Uterine Artery Doppler Velocimetry During
First Trimester of Pregnancy to Predict
Decreased Endovascular Trophoblast Invasion
Associated with Adverse Pregnancy Outcomes

Gebeligin Ik Trimesterinde Azalmis Endovaskiiler
Trofoblastik Invazyonla Iligkili Kétii Gebelik
Sonuglarinin Ongodriilmesinde Uterin Arter Doppler
Hizlarinin Degerlendirilmesi

ABSTRACT Objective: Successful placentation relies on normal trophoblastic invasion of the mater-
nal decidua, myometrium and blood vessels. Uterine perfusion appears to regulate uterine receptivity.
This article investigates the relationship between Doppler studies of uterine artery and endovascular
trophoblastic invasion in the first trimester of pregnancy. Material and Methods: Doppler ultrasound
examination of the maternal uterine arteries was performed in women attending for termination of
pregnancy for non-medical reasons. We recorded the Doppler flow velocity waveforms using a Shimad-
zu 2000 ultrasound machine with a 3,5 or 5 MHz probe.Colour Doppler ultrasound was used to iden-
tify the main branch of the uterine artery at its junction with the internal iliac artery, from where we
obtained blood flow velocity waveforms. High-resistance cases were defined as those presenting with
bilateral or unilateral uterine artery notches and a mean RI above the 95" centile. The conceptional pro-
ducts were examined histologically with regard to the extend of decidual endovascular trophoblast in-
vasion. Results: At the week 8, there were 19 high-resistance and 17 low-resistence uterine artery blood
flow. The proportion of decidual vessels with endovascular trophoblast invasion was significantly hig-
her in the low-resistance pregnancies (65%) compared with high-resistance ones (47%; p=0.18). Con-
clusion: Interstitial invasion, deeper decidual-myometrial junction invasion and the release of vasoactive
mediators may explain changes in arterial resistance and be related to decidual endovascular trophob-
lastic invasion. Doppler ultrasonography is a non-invasive method for evaluating trophoblastic invasi-
on in early pregnancy. Further studies are necessary to clarify the significance of these observations.
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OZET Amag: Bagarih plasentasyon, maternal desidua, myometrium ve kan damarlarina trofoblastik
yayilimin normal olmasini gerektirmektedir. Uterusta mevcut kan akimi uterusun reseptivitesini etki-
lemektedir. Bu galigmada, gebeligin ilk trimesterinde uterin arter doppler kan akimiyla trofoblastik in-
vazyon arasindaki iligki incelenmistir. Gereg ve Yontemler: Tibbi olmayan nedenlerle gebelik
terminasyonu isteyen kadinlarda uterin arter Doppler kan akim ¢aligmalar1 uyguland:. 3.5-5 MHz pro-
bu olan Shimadzu 2000 marka ultrasonografi aleti ile Doppler akim hizi dalga formlar: kaydedildi. Kan
akim hiz1 dalga formlarim 6l¢tiigtimiiz internal iliak arterden uterin arterin ¢ikig noktasin tespit igin
renkli doppler ultrasonografi uygulandi. Tek veya iki tarafli uterin arterde “notch” olanlar ve ortalama
rezistans indeksi 95. persentilin iizerinde olanlar yiiksek direngli olgular olarak tanimlandi. Miidahale
sonrasi elde edilen gebelik iiriinleri, histolojik olarak desidual trofoblastik yayilim derinligi agisindan
incelendi. Bulgular: Gebeligin sonlandirilmas: amaciyla 8. gebelik haftasinda bagvuran kadinlarin ute-
rin arter doppler incelemesinde 19’unda yiiksek direncli akim izlenirken 17’sinde diisiik direngli akim
paterni izlenmistir. Endovaskiiler trofoblastik invazyon orani, akim direnci diisiik olanlarda belirgin ola-
rak yiiksekken (%65), direncin yiiksek oldugu kisilerde diisiik oldugu bulunmustur (%47, p= 0.18).
Sonug: Arteriyel direncteki degisimleri, interstisyel yayilim, derin desidual-miyometriyal bileske ya-
yihimu ve vazoaktif mediatorlerin salinimiyla agiklanabilmektedir ve bu durum desidual endovaskiiler
trofoblast invazyonuyla iligkili bulunmaktadir. Erken gebelik doneminde trofoblastik invazyonun de-
gerlendirilmesinde ultrasonografik Doppler incelemesi invaziv olmayan bir yéntem olarak kabul edil-
mektedir. Bu gézlemlerin 6neminin kesinlesmesi i¢in daha ileri ¢alismalara gerek duyulmaktadir.

Anahtar Kelimeler: Ultrasonografi, Doppler, trofoblast, desidua
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uccessful placentation relies on normal trop-

hoblastic invasion of maternal decidua, myo-

metrium and blood vessels. Preeclampsia and
fetal growth restriction have been reliably associa-
ted with failures in the trophoblastic invasion of
spiral arteries and Doppler studies have shown that
impedance of flow in the uterine arteries is incre-
ased under these conditions.!? A few previous stu-
dies have investigated the relationship between
uterine artery Doppler indices and histological fe-
atures of placentation in normal and preeclamptic
pregnancies.’

There are only a few first trimester screening
studies and most of these have shown that, even in
this early stage, impedance to flow in the uterine
arteries is increased in pregnancies that develop ad-
verse outcomes.* Trophoblastic invasion of decidu-
al maternal vessels can be observed as endovascular
trophoblast on histological examination of the pro-
ducts of conception obtained from early pregnancy
losses or termination.>®

In this prospective study, we evaluated the re-
sistance in the uterine arteries of women in the first
trimester of pregnancy by Doppler assessment of
uterine artery resistance and endovascular trop-
hoblastic invasion.

I MATERIAL AND METHODS

For this prospective study, 36 subjects were enrol-
led in the Gaziosmanpasa University Faculty of
Medicine Department of Obstetrics and Gyneco-
logy. All patients had experienced regular mens-
trual cycles and had precisely recorded the dates of
their last menstruel periods. We obtained informed
written consent from each women.

Doppler ultrasound examination of the mater-
nal uterine arteries was performed in women atten-
ding for termination of pregnancy. Blood flow
evaluations were performed in the morning to avo-
id fluctuation due to circadien rhythm of uterine
artery blood flow.” We recorded the Doppler flow
velocity waveforms using a Shimadzu 2000 ultraso-
und machine with a 3,5 or 5 MHz probe. Colour
Doppler ultrasound was used to identify the main
branch of the uterine artery at its junction with the
internal iliac artery, from where we obtained blood
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flow velocity waveforms. Waveforms were recor-
ded from both uterine arteries. The quality of the
flow velocity was maximized by using the smallest
possible angle of insonation, and accepting only
those waveforms with sharp and definite outlines.
After a consecutive series of four or more uniform
waveforms had been obtained the analysis were
performed by the mean value from both uterine ar-
teries. The presence or absence of diastolic notch in
each uterine waveform was also measured.® High-
resistance cases were defined as those presenting
with bilateral or unilateral uterine artery notches
and a mean RI above the 95" centile. Centiles cal-
culated by Hollis et al were employed.’

The conceptional products were obtained at the
time of termination of pregnancy and fixed in forma-
lin. Histological sections were reviewed by a patho-
logist blinded to the clinical details. The implantation
site was identified by the presence of interstitial ex-
travillus trophoblast surrounding decidual vessels.
The presence or absence of endovascular trophoblast
invasion were determined by examining decidual
vessels in implantation site (Figure 1).°

The mean resistance index was calculated as
the mean value from both left and right uterine ar-
teries. Demographic characteristics and histologi-
cal findings between groups were compared by
Mann-Whitney and Student’s t-tests.

I RESULTS

A total of 36 unselected pregnant women were en-
rolled in this study. Nineteen of them were with

FIGURE 1: Normal formation of decidua and chorion villus (HE, x20).
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high-resistance uterine artery flow and 17 with low-
resistance flow. Median age at termination of preg-
nancy was 29 years (range 19-41), gravidity 3 (range
1-7), parity 1 (0-3) and gestational age at ultrasound
scan 8 weeks (range 6-10). The median interval be-
tween the ultrasound scan and procedure was two
days (range 1-4). There was no significant differen-
ce in these parameters between the groups (Table 1).

Histological features of the trophoblastic invasi-
on are determined in Table 2. While pregnancies with
a high-resistance uterine artery flow were associated
with lower proportion of implantation site, low-re-
sistance uterine artery flow predicted higher propor-
tion of implantation (Figure 2). Although the results
were not statistically significant further study will
elucidate the significance of these observations.

I DISCUSSION

In this prospective study we suggested that assess-
ment of the uterine artery resistance values would
be useful test for determining trophoblastic invasi-
on of the decidual vessels which states fetal well
being.

Different studies have stated that increased im-
pedance to flow in the uterine arteries is associated
with increased risk for subsequent development of
preeclampsia, intrauterine growth restriction and
perinatal death.”® These findings have been confir-
med by more recent studies. Prefumo et al. suppor-

TABLE 1: Demographic characteristics of pregnants.

Low-resistance
(n=17)

High-resistance
(n=19)

Maternal age 28.2 (19-34) 30.6 (20-41)
Gravidity 3(1-4) 2(1-3)
Parity 1{1-2) 1{0-3)
Gestational age 7.2 (6-9) 9.1(7-10)

TABLE 2: Histological findings of conceptional
products with high and low resistance uterine artery
blood flow.

High-resistance
(n=19) (n=17)

919 (47%) 1117 (65%) 0.18

1019 (53%) 6/17 (35%)  0.49

Low-resistance p

Endovascular trophoblast invasion (+)

Endovascular trophoblast invasion (-)
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FIGURE 2A, B: Decidual implantation sites of syncytiotrophoblasts (HE, x40).

ted the use of uterine artery Doppler for the non-
invasive assessment of trophoblast invasion in early
pregnancy.'! Measurements of the velocity of blood
following through the uterine arteries have been
used to estimate uteroplacental blood flow. The de-
fect of placentation is considered to be the major
etiological factor in the development of preeclamp-
sia and intrauterine growth restriction.'

In the present study we examined the trop-
hoblastic invasion by determining decidual endo-
vascular trophoblast invasion in specimens of
curettage materials of pregnancy. We identified the
implantation site in all of cases while Prefumo et
al. reported 80% identification ratio by performing
the same method.! Trophoblastic invasion was ob-
served in 55% of cases. Previous studies have re-
ported similar results in normal pregnancies
undergoing elective termination.

Based on the studies from the assisted repro-
ductive medicine programme, uterine artery indices
are good indicators of the probability of subsequent
pregnancy.'® However because of the discrepancies
between the time of ovulation induction and pul-
sed Doppler ultrasonography, uterine arterial blo-
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od resistance has not proved as a prognostic indica-
tor for implantation.Although not statistically signi-
ficant the higher percentage of invaded vessels
(65%) in the low-resistance cases as opposed to the
high-resistance ones (47%; p=0,18) provides corre-
lation between uterine artery Doppler findings and
extent of trophoblastic invasion.

Decline in endometrial receptivity, which is
associated with a decrease in uterine perfusion,
may play an important role in the decrease of im-
plantation rates with age. However we did not find
such elevation of the uterine arterial pulsatility in-
dices in our subjects. We determine that ageing af-
fects uterine perfusion less than other factors.
Direct channels through the trophoblast plugs de-
velop gradually between 8 and 12 weeks of gesta-
tion, and are unlikely to allow any substantial
blood flow before this latter date.!* This delayed
onset of intervillous blood flow protects from oxi-
dative damage to the trophoblast.

During Doppler flow examinations, inefficient
placentation in the first and the second trimesters
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of pregnancies with increased resistance to blood
flow in uterine arteries, predisposes to complicati-
ons such as preeclampsia and intrauterine growth
restriction.” Early embryonic development occurs
in a low oxygen environment and it has been pos-
tulated that the yolk sac has an essential role in
transport of nutritive substances to the embryo.!®
Placenta replaces the yolk sac as a main source of
nutriotional supply after week nine of gestation.!”
Doppler velocimetry of intraplacental,chorionic
and yolk sac hemodynamics may be new tools to
detect placental dysfunction during the ongoing
trophoblast invasion when therapeutic measures
would still be possible. Therefore, interstitial inva-
sion, deeper decidual-myometrial junction invasi-
on and the release of vasoactive mediators may
explain changes in arterial resistance and be related
to decidual endovascular trophoblastic invasion.

In conclusion, we propose the use of uterine
artery Doppler invesitigation for the non-invasive
assessment of trophoblast invasion in early preg-
nancy. Further study will elucidate the significan-
ce of these observations.
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